ABSTRACT
INTRODUCTION
Lee et al. [1] reported that the leaching of 3g/L pure haematite (98.2% purity, 105-140µm size range) using 0.048-0.48M oxalic acid at 80-100 0 C passed through a maximum peak at pH 2.5.
Dissolution of haematite was found [1] to be slower than magnetite (FeO.Fe 2 O 3 ) and other hydrated iron oxide such as goethite (α-FeOOH), lapidochrosite (γ-FeOOH) and iron hydroxide (Fe(OH) 3 ).
The dissolution of iron oxide is believed to take place via a photo-electro chemical reduction process, involving a complicated mechanism of charge transfer between the predominant oxalate species, namely ferric oxalate Fe(C 2 O 4 ) 3 3- , ferrous oxalate Fe(C 2 O 4 ) 2 2-acting also as an auto catalyst, and the oxalate ligand on the iron oxide surface [2] .
The dissolution of iron oxides in oxalic acid was found to be very slow at temperatures within the range 25-60 o C, but its rate increases rapidly above 90 o C [3] . The dissolution rate also increases with increasing oxalate concentration at the constant pH values set within the optimum range of pH 2.5-3.0. At this optimum pH, the dissolution of fine pure haematite (Fe 2 O 3 ) (105-140µm) follows a diffusion-controlled shrinking core model [3] .
Taxiarchour et al [4] reported that it took close to 40h to dissolve 80% of pure haematite slurry (97% purity, 0.022% w/v or 0.21% g/L Fe 2 O 3 ) at pH 1. He stated that even at 90 0 C, it required close to 10h to achieve 95% dissolution of iron of the slurry at pH 1. They also dissolved iron using 0.1-0.5M oxalic acid (pH1-5) to dissolve iron from a 20% w/v slurry (83% of particle size in the range 0. The model shows that the concentration of iron dissolved during the leaching process is directly proportional to the third power of the ratio of final leaching and temperature.
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It has been found [8, 9] that the final pH of the leaching solution depend on the leaching time, initial pH for the leaching solution and the leaching temperature. Past reports [10] [11] [12] [13] [14] [15] have been expounded researches carried out to remove phosphorus from steel during steel making. Findings from all these works carried out, pointed out high oxygen activity and low treatment temperature as the only essential and unavoidable process conditions which can enhance the rate of dephosphorization.
Removal of phosphorus from iron has been reportedly achieved only by oxidation during steel making, under the influence of a basic slag which is principally made up of CaO [16] . Model has been derived [17] for predicting the concentration of phosphorus removed during leaching of process carried out [18] . Phosphorus was removed (at a temperature of 25 0 C, average ore grain size; 150µm and initial leaching solution pH range 0.47-0.53) and then dissolved in the acid solution in the form of phosphorus oxide.
The aim of this work is to derive a model for predictive analysis of the concentration of phosphorus removed relative to the initial and final pH of the solution during leaching of Itakpe (Nigeria) iron oxide ore using sulphuric acid solution. This derivation is embarked on in furtherance of the previous work [18] .
MODEL
The ore is assumed to be stationary in the reaction vessel during the leaching process and contains the un-leached iron as part of reaction remnants. The ore is attacked by hydrogen ions from sulphuric acid within the liquid phase, and in the presence of oxygen.
Model Formulation
Results from experimental work [18] carried out at SynchroWell Research Laboratory, Enugu were used for the model derivation. These results are as presented in Table 1 .
Computational analysis of these experimental results [18] shown in Table 1, resulted to Table 2 which indicate that; Equation (7) is the derived model. 
BOUNDARY AND INITIAL CONDITION
Iron oxide ore was placed in cylindrical flask 30cm high containing leaching solution of sulphuric acid. The leaching solution is non flowing (stationary). Before the start of the leaching process, the flask was assumed to be initially free of attached bacteria and other micro organism.
Initially, the effect of oxygen on the process was assumed to be atmospheric. In all cases, weight of iron oxide ore used; 2g. The initial pH range of leaching solutions used; 0.47-0.53 and leaching time of 3 hrs were used for all samples. A constant leaching temperature of 25 o C was used. Sulphuric acid concentration at 0.1mol/litre and average ore grain size; 150µm were also used. Details of the experimental technique are as presented in the report [18] .
The leaching process boundary conditions include: atmospheric levels of oxygen (considering that the cylinder was open at the top) at both the top and bottom of the ore particles in the gas and liquid phases respectively. A zero gradient was assumed for the liquid scalar at the bottom of the particles and for the gas phase at the top of the particles. The sides of the particles were assumed to be symmetries.
MODEL VALIDATION
The formulated model was validated by calculating the deviation of the model-predicted concentration of phosphorus removed from the corresponding experimental values. The deviation recorded is believed to be due to the fact that the surface properties of the ore and the physiochemical interactions between the ore and leaching solution which were found to play vital roles during the leaching process [18] were not considered during the model formulation. It is expected that introduction of correction factor to the predicted concentrations of P, gives exactly the experimental values of P.
Deviation (Dv) (%) of model-predicted P values from experimental P values is given by Dv = P P -P E x 100
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Since correction factor (Cr) is the negative of the deviation, Cr = -Dv (9)
Substituting equation (8) into equation (9) for Dv, Cr = -100 P P -P E P E (10) It was observed that addition of the corresponding values of Cr from equation (10) to the modelpredicted concentrations of P gave exactly the corresponding experimental P values. [18] 
RESULTS AND DISCUSSION
The derived model is equation (7). Insignificant positive and negative deviations were found to have resulted on comparing values of P from the experimental data and those from the model, hence depicting the reliability and validity of the model. This can be deduced from Table 3 . The positive and negative deviations of the model-predicted P values from those of the experiment were found to be less than 29% which is quite within the acceptable deviation limit of experimental results. The validity of the model is believed to be rooted on equation (4) where both sides of the equation are almost equal. Table 2 also agrees with equation (4) following the values of (P/N) 1/3 and (e γ/α ) evaluated after statistical and computational analysis carried out on experimental results in Table1.
CONCLUSION
The model predicts the concentration of phosphorus removed (relative to the initial and final solution pH) during leaching of Itakpe iron oxide ore. The validity of the model is believed to be rooted on equation (4) where both sides of the equation are almost equal. In all cases, the deviation of the model-predicted P value from that of the corresponding experimental P value is less than 29% which is quite within the acceptable deviation limit of experimental results. where P exp = P values from experiment [18] P M = P values predicted by model.
